Humans obtain vitamin D primarily by exposure of the skin surface to ultraviolet B radiation, with small amounts ingested from dietary sources and supplements. Vitamin D~3~ is activated in the body in two metabolic steps. In the first step, which takes place in the liver, vitamin D is converted to its major circulating metabolite, 25-OHD~3~. In the second step, occurring in the kidneys, circulating 25-OHD~3~ is converted to 1α,25-(OH)~2~D~3~, the active hormonal form of vitamin D. Another biologically active metabolite, 1,25-(OH)2D, binds to nuclear vitamin D receptors (VDRs) in the intestines, bone, breast, and other tissues. In vitro, 1,25-(OH)~2~D has been shown to inhibit cell proliferation and to promote apoptosis and cell differentiation in breast tumor tissue, providing a biologic basis for an epidemiologic study of the relationship between vitamin D concentration and breast cancer.[@CR1]

Vitamin D concentration may be a risk and/or a valuable prognostic factor in patients with breast cancer. Many epidemiologic, preclinical, and clinical studies have suggested that vitamin D deficiency may be involved in breast cancer initiation, progression, and prognosis, whereas other studies, including a randomized, controlled trial, showed no such association. However, the impact of vitamin D levels on breast cancer recurrence and death has not been adequately addressed, although one study found that women with deficient levels of vitamin D were at increased risk of distant recurrence and death compared with women with sufficient levels of vitamin D.[@CR2] An understanding of the prognostic significance of vitamin D deficiency in patients with breast cancer may identify a high-risk patient subgroup.

Ethnic/racial variations in the association of vitamin D concentration and breast cancer also may occur. The proportion of patients with breast cancer diagnosed at a younger age is notably higher in Asian than in western countries. Exposure to sunlight is notably lower in Asia than in the west. Asians have a higher prevalence of milk intolerance and use of vitamin D supplements is rare, especially among Koreans. Apart from a Japanese study that showed an association between vitamin D concentration and breast cancer risk, few epidemiologic efforts have investigated such an association in Asian women.[@CR3] We therefore explored the prognostic significance of vitamin D concentration in Korean patients with breast cancer. We also determined whether the effects of vitamin D differed among patients with various intrinsic subtypes of breast cancer.

Patients and Methods {#Sec1}
====================

Our study protocol was approved by the Institutional Review Board of the Asan Medical Center, Seoul, Korea.

Study Population {#Sec2}
----------------

Patients were drawn from the Asan Medical Center Breast Cancer Center database---a prospectively maintained web-based system, which includes information on all patients who underwent surgery for breast cancer at the Asan Medical Center since 1989. The database provides detailed information on the type and date of breast cancer recurrence and the date of last follow-up.

We retrospectively reviewed the outcomes of 310 Korean women who were diagnosed with breast cancer between June and December 2006. Of these, 36 patients had ductal carcinoma in situ (DCIS) and 261 had invasive breast cancer. Patients were staged according to the sixth edition of the American Joint Committee on Cancer staging system for invasive breast cancer.

Measurements {#Sec3}
------------

Serum 25-OHD was measured using a radioimmunoassay kit (BioSource, Belgium) before surgery. Although no consensus on optimal levels of serum 25-OHD exists, vitamin D deficiency is defined as \<20 ng/ml (50 nmol/l). Because an increase in average 25-OHD concentration from 20 ng/ml to 32 ng/ml increased intestinal calcium transport by 45--60% in women, a 25-OHD concentration of 21--29 ng/ml (50--72 nmol/l) has been considered to be insufficient, and a level ≥30 ng/ml adequate. Vitamin D intoxication is observed when serum levels of 25-OHD exceed 150 ng/ml (374 nmol/l). As in a previous study, we used these concentrations to sort patients.[@CR2]

Immunohistochemical Staining {#Sec4}
----------------------------

Immunohistochemical staining for estrogen receptor (ER), progesterone receptor (PR), and Her2/neu was performed using arrayed tissue blocks. Briefly, formalin-fixed, paraffin-embedded tissue sections, 5-μm thick, were obtained using a microtome, transferred to adhesive slides, and dried at 62°C for 30 min. Sections were incubated, using a benchmark automatic immunostaining device (Ventana Medical Systems, Tucson, AZ), with primary antibodies against ER (1:50 dilution; Diona, Seoul, Korea), PR (1:100 dilution; Diona), and Her2/neu (1:250 dilution; DAKO), followed sequentially by incubation with biotinylated anti-mouse immunoglobulin and peroxidase-labeled streptavidin, using 3.3′-diaminobenzidine chromogen as the substrate. Samples were considered positive for Her2/neu when strong (3+) membranous staining was observed in a least 10% of tumor cells, whereas those with staining of grades 0 to 2+ were regarded as negative.

Breast cancer samples were categorized into molecular subtypes based on immunohistochemical profiles. Samples that were ER- or PR-positive and Her2/neu-negative were classified as luminal A, samples that were ER- or PR-positive and Her2/neu-positive were classified as luminal B, samples that were ER- and PR-negative and Her2/neu-positive were classified as Her2-enriched, and samples that were ER-, PR-, and Her2/neu-negative were classified as triple-negative.

Statistical Analysis {#Sec5}
--------------------

Patients were classified based on serum 25-OHD concentration into those with sufficient (30--150 ng/ml), insufficient (20--29 ng/ml), or deficient (\<20 ng/ml) levels of serum 25-OHD. Disease-free survival was defined as the time from surgery to the date of the first locoregional recurrence, distant metastasis, detection of a secondary primary tumor, or death from any cause. Any recurrence at a site, including the contralateral axillary and supraclavicular lymph nodes, was considered a distant metastasis, whereas recurrence in a remnant breast, the chest wall, or the axillary or ipsilateral supraclavicular lymph node was considered a locoregional recurrence. The χ^2^ test and analysis of variance (ANOVA) were used to evaluate the significance of differences in clinicopathologic features between groups. Univariate survival was analyzed using the Kaplan--Meier method and log-rank tests were employed to compare survival curves. Multivariate analyses were conducted using Cox's proportional hazard regression model. All statistical analyses were performed by using SPSS version 12.0 (SPSS, Chicago, IL).

Results {#Sec6}
=======

Vitamin D Levels {#Sec7}
----------------

The mean age of the 310 patients was 48.9 ± 10.3 years, and the mean vitamin D concentration was 31.4 ± 16.1 (range, 4.8--109) ng/ml. Vitamin D levels were deficient (\<20 ng/ml) in 75 patients (24.2%), insufficient (20--29 ng/ml) in 95 patients (30.6%), and adequate (30--150 ng/ml) in 140 patients (45.2%). No patient experienced vitamin D intoxication (vitamin D \> 150 ng/ml). Although body mass index (BMI) was not correlated with vitamin D concentration, patients in the adequate vitamin D group were usually within the normal range of BMI (Table [1](#Tab1){ref-type="table"}).Table 1Clinicopathologic and treatment-related factors in the three 25-OHD groupsDeficientInsufficientSufficient*P* valueNo.%No.%No.%Mean age (years)48.7(+10.3)47.8(+9.4)49.6(+10.8)0.409Mean tumor size (cm)1.8+1.62+1.62.1+1.60.449BMI (kg/m^2^)0.087 ≤256586.776809970.7 25--30810.71717.93424.3 \>3022.722.175T stage0.18 T0810.71313.7128.6 T14357.34648.46848.6 T221282829.55640 T33488.442.9LN metastasis0.017 Negative48646366.36949.3 Positive27363233.77150.7Grade0.136 Low (1--2)3654.550618868.8 High (3)3045.532394031.3Intrinsic subtype0.282 Luminal A3445.94649.56143.6 Luminal B1925.72324.73525 Her2/neu enriched79.51718.32618.6 Triple negative1418.977.51812.9

Association of Vitamin D Levels with Tumor Characteristics {#Sec8}
----------------------------------------------------------

There were no significant correlations between vitamin D concentration and T stage, tumor grade, or intrinsic subtypes. Lymph node metastasis was more frequent in the vitamin D-sufficient group than in other groups (*P* = 0.017; Table [1](#Tab1){ref-type="table"}). However, when patients were separated by intrinsic tumor type, the relationship between vitamin D level and lymph node metastasis was significant only for nonluminal subtypes (*P* = 0.008) and not for luminal types of breast cancer (*P* = 0.217).

Prognostic Associations of Vitamin D Level {#Sec9}
------------------------------------------

Of our 310 patients, 31 (10%) experienced metastasis and 9 (2.9%) died after a median follow-up time of 23 months. Of these nine patients, two died without documented spread of breast cancer.

We found that vitamin D concentration was a significant predictor of disease-free survival. Women with sufficient levels of vitamin D had significantly better disease-free survival than women with deficient levels (*P* = 0.002; Fig. [1](#Fig1){ref-type="fig"}). Of the five patients who developed a second primary cancer, four had deficient concentrations of vitamin D (*P* = 0.012; Table [2](#Tab2){ref-type="table"}). One patient who had sufficient concentrations of vitamin D had pancreas cancer 19 months after breast cancer diagnosis.Fig. 1Univariate analysis of disease-free survival according to vitamin D statusTable 2Nonbreast second malignancies in the three 25-OHD groupsDeficientInsufficientSufficient*P* valueNo.%No.%No.%Nonbreast second malignancies45.30010.70.012

Vitamin D status was prognostic in patients with breast cancer of luminal types A and B but not in patients with triple-negative or Her2/neu-enriched cancer subtypes. No evidence could be adduced to indicate that the prognostic effects of vitamin D were related to Her2/neu status (Fig. [2](#Fig2){ref-type="fig"}). In patients with luminal types of breast cancer, deficient concentrations of vitamin D were associated with significantly lower disease-free survival times (*P* = 0.004). This association was not observed in patients with nonluminal types of breast cancer (*P* = 0.475; Fig. [3](#Fig3){ref-type="fig"}).Fig. 2Disease-free survival and vitamin D status with respect to intrinsic breast cancer subtype. **a** Luminal A. **b** Luminal B. **c** Her2/neu-enriched. **d** Triple-negativeFig. 3Disease-free survival and vitamin D status in **a** hormone receptor-positive and **b** hormone receptor-negative patients

Multivariate analysis, after adjusting for age, LN positivity, ER status, and T stage, showed that a deficient level of vitamin D was an independent prognostic indicator of breast cancer recurrence (hazards ratio (HR) 3.97; 95% confidence interval (CI) = 1.76--8.91; Table [3](#Tab3){ref-type="table"}).Table 3Results of Cox proportional hazard regression modeling according to 25 OHD statusCharacteristicWeight categoryDisease-free survivalHR95% CI*P* valueVitamin DSufficientReferenceInsufficient0.820.28--2.370.711Deficient3.971.77--8.910.001Age (years)1.010.98--1.040.535LN positivity4.181.8--9.720.001ER negativity1.880.9--3.90.093Tumor size (cm)1.120.95--1.330.19

Discussion {#Sec10}
==========

We have shown that deficient serum concentrations of vitamin D were significantly associated with an increased risk of distant recurrence of breast cancer compared with patients who had adequate levels of vitamin D. Furthermore, the prognostic association varied with intrinsic subtype---significant only for patients with luminal types of breast cancer. To the best of our knowledge, the present study is the first to show that vitamin D concentration is a valuable prognostic indicator in estimation of survival, depending on breast cancer intrinsic subtype.

Although several epidemiologic studies have evaluated associations between vitamin D concentration, breast cancer risk, and prognosis, the cited works have yielded inconsistent results.[@CR4] Among methodologic inconsistencies evident in these studies are evaluation of vitamin D status; some works assessed the effects of dietary or supplemental intake of vitamin D and others explored vitamin D status with respect to sunlight exposure. Measurement of circulating concentrations of 25-OHD provides an integrated measure of vitamin D derived from all sources, including sunlight exposure, diet, and supplementation, and is considered the best indicator of vitamin D body stores.[@CR5]--[@CR7] The cited epidemiologic studies also used different categorizations of vitamin D status, and one work, similar to the present report, categorized vitamin D status by serum 25-OHD concentration as deficient, insufficient, and sufficient.[@CR2]

Several epidemiologic studies have shown conflicting results between vitamin D and hormone receptor-defined breast cancer. Increased intake of vitamin D was found to be consistently associated with a significantly reduced risk of ER+/PR+ tumors, and dietary vitamin D level was inversely related to the risk of ER+ tumors.[@CR8],[@CR9] A recent Japanese study reported that ER+ and/or PR+/Her2− breast cancer frequency was significantly associated with vitamin D intake in premenopausal women.[@CR3] In contrast, the Iowa Women's health study found an inverse, but statistically insignificant, association between high vitamin D intake and ER- or PR-type tumors.[@CR10] A case series showed that the triple-negative breast cancer phenotype was associated with the lowest average serum vitamin D concentration and the highest percentage of vitamin D-deficient patients.[@CR11] However, the cited study included fewer patients with the triple-negative phenotype (*N* = 15) than were evaluated in the present work (*N* = 39).

In this study, we found that vitamin D level was prognostic in all patients with breast cancer, but the concentration was not significantly prognostic in patients with triple-negative and Her2/neu-enriched subtypes. One plausible explanation is that vitamin D acts synergistically to suppress the effects of estrogen in patients with luminal-type breast cancer. The antiproliferative and antitumor effects of vitamin D on estrogen-responsive breast cancer cells are mediated by disruption of estrogen mitogenic and survival signals. A potential vitamin D receptor element has been identified within the ER promoter gene, suggesting that 1,25-(OH)2D3 may directly regulate ER gene transcription.[@CR12] Vitamin D reduces the expression and biological activity of prostaglandins and decreases synthesis of aromatase, in addition to suppressing the proliferative activity of 17ß-estradiol and downregulating the level of the estrogen receptor.[@CR13],[@CR14] Moreover, higher concentrations of 25-(OH)D have been shown to significantly lower serum luteal progesterone and estrogen levels. This may represent a mechanism by which higher 25-(OH)D levels in young women may reduce subsequent breast cancer risk.[@CR15] Furthermore, sensitivity to 1,25-(OH) D3 is generally higher in breast cancer cells that express estrogen receptor than in cells that do not synthesize the protein.[@CR16],[@CR17]

Vitamin D has been associated with breast cancer metastasis and drug response. Vitamin D has been shown to inhibit invasion and metastasis by reducing the activity of MMP-9, UPA, and TPA, and by increasing the levels of PA inhibitor 1, MMP inhibitor 1, and general antiangiogenic activity.[@CR14] Moreover 1,25-(OH)2D3 has been shown to enhance the sensitivity of breast cancer cells to several anticancer drugs and other agents. Vitamin D compounds have been demonstrated to potentiate apoptosis induced by adriamycin, Taxol, radiation, and tamoxifen.[@CR18]--[@CR20] These findings indicate that maintenance of adequate vitamin D concentrations during adjuvant treatment may enhance the effects of such treatment and prolong survival.

We found that patients with vitamin D deficiency developed significantly more frequent second primary cancers than did patients with sufficient vitamin D concentration. Vitamin D deficiency also has been associated with an increased risk of Hodgkin\`s lymphoma as well as colon, prostate, ovarian, breast, and other cancers.[@CR21] Secondary cancers are among the most threatening long-term health problems in patients with breast cancer. Moreover, some breast cancer treatment regimens are associated with an increased risk of osteoporosis, which also can be caused by vitamin D deficiency. Such deficiency has been associated with an increased level of depression and overall mortality in the general population.[@CR22] Therefore, correction of vitamin D status may be important not only for survival but to improve quality of life in patients with breast cancer. One study, in which patients who received adjuvant chemotherapy were prescribed vitamin D3 at 400 IU for 1 year found that fewer than 15% of such patients achieved sufficient 25-OHD levels, indicating that the currently recommended doses of vitamin D are not adequate to positively affect bone health or to improve survival.[@CR7] Safety is an important consideration when recommending nutrient intake. Vitamin D intoxication is extremely rare but can be caused by inadvertent or intentional ingestion of excessively high doses.[@CR23] However, a recent review found no reports of toxicity in patients taking \<20,000 IU per day of vitamin D or in those with a serum 25-OHD concentration \<200 ng/ml during an extended period.[@CR24]

Differences in the prevalence of vitamin D insufficiency have been associated with various factors, including age, race, BMI, exposure to sun, geographic location, dietary vitamin D intake, daily activity, and exercise level. Korea lies at latitudes of 33--43 degrees north and thus is considered to enjoy abundant sunlight. Oriental culture, however, does not encourage exposure of skin to the sun, especially in women.[@CR25],[@CR26] Moreover, milk intolerance is more prevalent in Koreans than in western populations. Although deficient vitamin D status has been associated with obesity in western women, we found no such relationship among our patients. The relationship between BMI and fat levels in Asian women differs significantly from that in white females.[@CR27],[@CR28] Although a previous study reported that 92% of Korean women had vitamin D concentrations \<75 nmol/l, vitamin D status improved after patients were educated on the importance of vitamin D ingestion and dietary supplementation. Furthermore, exercise can increase serum 25-OHD concentrations.[@CR29] These findings indicate that vitamin D deficiency can be overcome by education, lifestyle modification, and dietary supplementation regardless of racial differences.

Our findings also indicate the importance of prospective, randomized studies to determine vitamin D concentrations that can predict the outcomes of patients with breast cancer, as well as the level of vitamin D supplementation required by vitamin D-deficient patients. Randomized studies are required to determine the effects of increasing vitamin D levels on cancer risk and prognosis. The size and duration of cancer prevention trials, along with intrinsic problems in long-term adherence to assigned protocols, may limit the ability of such efforts to address many important questions, especially those related to behavioral changes. Therefore, patients with breast cancer should be educated on lifestyle changes, including exposure to sunlight, eating habits, and dietary supplementation that may prolong survival. Moreover, vitamin D concentrations should be measured regularly, and, if necessary, such patients should be given vitamin D supplements.

The present study had several limitations. Vitamin D concentration was measured only before surgery and not during follow-up. Adjuvant chemotherapy has been found to reduce plasma vitamin D concentration significantly.[@CR30] Therefore, the prognostic significance of changes in vitamin D status, especially in vitamin D-deficient patients, remains to be determined. Circulating concentrations of vitamin D should be measured in all patients with breast cancer, not only before commencement of treatment but also during adjuvant procedures, and during follow-up periods. Second, because all patients of the present study were of Korean nationality, thus all ethnically homogeneous Far East Asians, we cannot state whether our results can be applied to other ethnic groups and countries.

In conclusion, our findings suggest that deficient vitamin D status is a high-risk factor for recurrence in patients with breast cancer, especially those with hormone receptor-positive breast cancer. These observational findings may benefit patients with hormone receptor-positive breast cancer by encouraging dietary supplementation to maintain adequate vitamin D levels. Vitamin D status should be measured during follow-up to optimize patient outcomes and reduce mortality.
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